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Abstract 
Cellulose Nitrate and Makrofol KG nuclear track detector foils of 96 μm and 20 μm thicknesses were irradiated with 238U ions 
(kinetic energy 17.7 MeV/u, fluence 105 ion/cm2) and 208Pd (kinetic energy 14.0MeV/u, fluence 105 ion/cm2), respectively. By 
etching of damage trail caused by the ion, templates containing conical pore were prepared. By electrochemical deposition of 
copper in homemade design electrolytic cell, conical wires were obtained. The electric current recorded during electrodeposition 
reflects the geometry of the pore. The lengths of wires were 96 μm and 20 μm, corresponding to the thickness of membranes. X-
Ray Diffraction analysis indicated that texture and orientation of Cu wire were polycrystalline.  
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
During the last decade, nano and micro have a lot of attention due to a large variety of application such as 
electronic, opto electronic, and chemical and biological sensor by Lieber et al. (2007) and Dubois et al. (1999). One 
of the common techniques is employed in growth of nano and micro wire is template replication methods. This 
method based on filling a nano and micro porous membranes with a favorite material, resulting in large array of 
wires. Usually membranes are ion track membranes Fleisher et al (1975) and Spohr (1990) and anodic alumina foils 
Huber (1994). The easy choice of density and possibility of choosing the membranes material from a wide range of 
material such as polymers to glass and crystal in ion track membranes caused this method much more attention in 
compared with anodic alumina foils.  
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In this work we report the electrochemical deposition Osaka (1997) of copper micro wire array in the etched ion 
track membrane. And then presented experiment relevant to nano and micro wire fabrication with different thickness 
and track diameters and investigate this parameter on structure and real time current recorded during the growth of 
wires. 
2. Illustrations 
The process of electrochemical deposition of copper microware consisted of several steps. The first step, 
Cellulose Nitrate and Makrofol KG nuclear track detector foils of 96 μm and 20 μm thicknesses were irradiated at 
UNLILAC linear accelerator of GSI (Darmstadt) with 238U ions (kinetic energy 17.7 MeV/u, fluence 105 ion/cm2) 
and 208Pd (kinetic energy 14.0 MeV/u, fluence 105 ion/cm2), respectively. In the next step the foils were etched in a 
6N NaOH solution at 60 ć for a time 30 for cellulose nitrate and 20 min for Makrofol kG to obtain cylindrical pores. 
Subsequently, a thin gold film as a cathode during the electro chemical deposition (~10 nm) was sputtered on rough 
side of the samples (Figure 1 (a) and (b)). 
 
 
 
 
 
 
 
Fig. 1. (a) Rough (left) and ;(b)  smooth (right) side of the Cellulose Nitrate membrane. 
Ion track membranes were inserted into an electrochemical cell consisting two half-cells that are well sealing 
(Figure 2) in such way gold film contacted to copper ring. 
 
 
 
 
 
 
Fig. 2. Electrochemical cell for deposition of micro copper wires in ion-etched track detectors . 
By electrodepositing of copper on gold film side of membrane mechanically stability of gold film is maintained 
(Right-hand half-cell). Thickness of Reinforced copper film, at 3 min electrodepositon time, was measured by 
Rutherford Backscattering (RBS) method which is about 10 μm. This layer served later as conducting substrate 
cathode. After copper film deposition, the cooper sulfate solution was removed from the cell and then carefully 
washing the right half-cell.  The electrolyte were employed to study of results of electrochemical deposition wire 
under different condition is CuSO4.5H2O and H2SO4. The left hand side half-cell was filling with this electrolyte. 
a b 
 B. Shakeri Jooybari et al. /  Physics Procedia  80 ( 2015 )  41 – 45 43
Electrochemical deposition is typically performed potentiostatically in a two-electrode arrangement. A rectangular 
phosphorus copper electrode serves as anode and the gold film served as cathode during the wire growth in the pores. 
A direct (DC) voltage 300 mV was applied between two electrodes. The wire deposition process was monitored by 
recording current versus time curves and store in PC by lab view software. The deposition process was continued to 
wire reach the surface of membrane and form caps on top of the wires. Then the sample removed from the cell and 
washing with distilled water. The effect of applied voltage, various track diameters, thickness of membrane and 
distance of electrode on recorded current versus time were investigated. After dissolution of polymer membranes 
Cellulose Nitrate in acetone and Makrofol KG in Dichloromethane, the structure and morphology of micro wire 
electrodeposited on pores at various conditions were investigated scanning electron microscopy (SEM)  and X-ray 
diffraction (XRD) while the wires remained embedded in membrane. 
3. Results and discussion 
3.1. Current versus time profile recorded during the growth of Cu micro-wires 
The copper micro wire synthesis can be performed by using two electrodes electrochemical cell. The various DC 
voltages were applied between cathode and anode and then current-time (I-t) curves were recorded which indicate 
the status of deposition or filling of pores. Figure 3 (a) shows an example of current-time curve obtained by data 
analysis system during filling of pores and growth of cu wires. This is achieved by applying a voltage 300 mV at 
room temperatures. For better consideration of current-time curve, extracted data from Figure 3 (a) plotted in excel 
and show in Figure 3 (b). The recorded current-time curve during the growth of wires consists of four distinct parts 
called zone (1) to (4) that shown in Figure 3 (b). Zone (1): A sharp decrease in the current time curve corresponding 
to the formation of diffusion layer in the under etched area of gold film coated side. Zone (2): in this region the 
current profile almost constant and filling of pores and wire growth was accrued. Zone (3): more or less sharp 
current increase and wires had reached the top of the pores and caps growth had started. When the micro wires reach 
the surface of membrane, spherical caps start to grow on top of the wire (Fig. 4). In effect, the electrode area 
increased, and in the potentiostatic deposition mode the current fundamentally increased. This behavior indicates 
time of ending of growth of wire and formation of cap. Zone (4) if the deposition continued, the cape further grew 
and a layer creation on surface of foil. Since the deposition surface was extended, the current increase several orders 
of magnitude.  
 
 
 
 
 
 
 
 
 
 
Fig. 3. (a) Current –time curve recorded by data analysis system (b) Current-vs-time curves for deposition in different porous membrane  at given 
voltages 
 
Figure 3 (b) show current time curve recording during the wires growth in cellulose nitrate (pores diameter of 3.2μm 
and length about 96 μm) and Makrfol KG (pores diameter of 450 nm and length about 20 μm) at a 200 mV potential 
difference between anode and cathode. 
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3.2. Morphology and texture of micro wires 
SEM image of growth micro wires and caps grown on the surface of membranes are shown in Figure 4 (a) and 
(b).To investigate possible textures of the copper wires growth in room temperature at different applied voltage, x-
ray diffraction analysis was performed. Each XRD pattern of micro copper wires grown in room temperature at 
various potential ( 300, 400, 500,600 and 800 mV potential difference between anode and cathode) indicted three 
peaks at 2θ values of 43.56, 50.72, and 74.32 deg corresponding to (111), (200), and (220) planes of copper. XRD 
pattern of copper wires at 400 mV are shown in Figure 5 which indicate polycrystalline structure of copper wires. 
Similar results obtained in the other applied voltages in room temperature and also confirm polycrystalline structure 
of copper wires. 
  
 
 
 
 
 
Fig. 4. (a) Cu Micro-wires into porous membranes; (b) Caps grown on the surface of membranes. 
 
 
 
 
 
 
 
Fig 5. XRD pattern of micro copper wires growth in room temperature and 300 mV 
4. Conclusion 
Porous membranes were produced by chemical etching of Cellulose Nitrate and Makrofol KG irradiated with 
high-energy heavy ions. Copper micro wire obtained using ion-track technology by electrochemical deposition 
method in room temperature at different applied potential. Electrochemical deposition is performed 
potentiostatically in a two-electrode arrangement. Current-time characteristic recorded during the growth of all wires 
was displayed four distinct parts that dependent to various parameters such as temperature, voltage, diameter of 
pores and membrane thickness. Analysis of current-time profile curve indicated that the constant value of current in 
the zone 4 indicates expansion of caps and covering of membrane surface by copper layer. Its value is varied from 
one membrane to another one depending to pores diameter and density of pores. In this work also the grown copper 
wires in Cellulose Nitrate have 96 μm lengths which are much more than reported ~10-30μm length of wires. X-Ray 
Diffraction analysis shows that all micro-wires grow at the room temperature have polycrystalline structure. 
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